Coastal zones with their natural and societal sub-systems are exposed to rapid changes and pressures on resources. Scarcity of space and impacts of climate change are prominent drivers of land use and adaptation management today. Necessary modifications to present land use management strategies and schemes influence both the structures of coastal communities and the ecosystems involved. Approaches to identify the impacts and account for (i) the linkages between social preferences and needs and (ii) ecosystem services in coastal zones have been largely absent. The presented method focuses on improving the inclusion of ecosystem services in planning processes and clarifies the linkages with social impacts. In this study, fourteen stakeholders in decision-making on land use planning in the region of Krummhörn (northwestern Germany, southern North Sea coastal region) conducted a regional participative and informal process for local planning capable to adapt to climate driven changes. It is argued that scientific and practical implications of this integrated assessment focus on multi-functional options and contribute to more sustainable practices in future land use planning. The method operationalizes the ecosystem service approach and social impact analysis and demonstrates that social demands and provision of ecosystem services are inherently connected.
Introduction
The coastal lowlands and estuaries of northwestern Europe are constantly changing and the population is dealing with increasing competition for space and resources. Today, the increasing use of resources is leading to growing pressure and conflict between the different forms of land use and ecosystems (e.g. European Union, 2012) . In relation to southern coastal regions of the North Sea, the natural and societal systems must also deal with the consequences and effects of climate change (Nicholls et al., 2007) . For the coast of the Wadden Sea, Katsman et al. (2011) estimate a regional sea level rise of 0.40-1.05 m by 2100. Additionally, the North Sea coastal areas are also exposed to significant and increasing storm events (Beniston et al., 2007; Grabemann and Weisse, 2008; Nicholls et al., 2007; Woth et al., 2005) and shifts in precipitation's scale and time (Beniston et al., 2007; Jacob et al., 2008; Spekat et al., 2007) .
Necessary changes in current land use management may lead to both beneficial and adverse effects on human well-being and the ecosystem health of a region. Therefore, long-term anticipatory and spatially explicit courses of action are required. There is an obvious need for adaptive planning strategies which will lead to more sustainable development and promote human wellbeing (e.g. Ahlhorn, 2009; Bormann et al., 2012) . The objective of this paper, therefore, is to develop an applicable methodology for sustainable development in land management, combining the ecosystem services approach and social impact assessment.
In order to find sustainable solutions, the ecosystem services approach has become prominent in the promotion of sustainable development and ecosystem-based land use management (Fisher et al., 2009; de Groot et al., 2010) . Ecosystem services, meaning the goods and services people obtain from ecosystems, play an important role in sustaining and fulfilling human life. While the ecosystem services approach takes into account effects on socio-economic factors and contributes to human well-being by focusing on the supply of ecosystem services (MA, 2003) , social impact assessment identifies, analyses and evaluates the social impact of projects on people and ecological structures, and focuses on the process of managing social issues related to development (Esteves et al., 2012; Vanclay, 2003a; Vanclay, 2012) . Social impacts include 'the consequences to human populations of any public or private action' affecting human well-being (Interorganizational Committee on Guidelines and Principles for Social Impact Assessment, 1995, p. 11) . Although ecosystems provide distinct environmental benefits to people and affect human well-being (MA, 2003; UK National Ecosystem Assessment, 2011) , the linkages between the natural and the social spheres and the mutual feedback mechanisms are not always well defined. There has been a general lack of understanding on the relationship between ecosystem services and the social impacts of an intervention (Burdge, 2003; Vanclay, 2003b; Wallace, 2007) and a strong awareness in coastal management practice over the last decade that decision-makers and scientists need to jointly address the challenges of an integrative and interdisciplinary management approach (Fish et al., 2011; Österblom et al., 2010; Polasky et al., 2011) . Such an approach would include consideration of the interdependencies arising from the complex interactions between nature and society (Carpenter et al., 2009; Slootweg et al., 2001; Vanclay, 2012) . This paper argues that addressing these linkages, interdependencies and feedback mechanisms is important, particularly for regional planning practice, as planners typically deal with balancing different activities and interests in relation to land use. A potentially promising way of addressing these linkages is the 'social impact assessment' approach (see also Schirmer, 2011; Vanclay, 2012) .
Overall, the paper presents a framework and guideline for linking the ecosystem services approach with social preferences and needs. A guideline such as this could be used to assist planners and researchers establish a more integrated, possibly participatory, policy development process, particularly in relation to regional development.
A key idea behind the guideline is that development and management processes have to take into account the mutual interdependencies between environmental and societal changes caused by planning-related interventions. Generally, a separation of ecosystem services and the related social impact on communities is likely to generate problems and incomplete impact assessments (Slootweg et al., 2001; Chan et al., 2012; de Groot et al., 2010; Nahlik et al., 2012) . To overcome this problem, this paper reports on an effort to develop guidelines that allow for a consideration of social and environmental issues in an integrated manner.
The paper argues that our guideline may support decisionmaking in this case, as it has the potential to reduce complexity and can be employed to encourage stakeholder participation. Another implication of the guideline may be its ability to produce innovative courses of action, leading to more sustainable and multi-functional land management. Finally, the integrated approach developed here is also essentially transdisciplinary as it involves the natural and social sciences, and negotiates the separation between humans and the environment.
The illustrative case employed involved regional governance processes on regional climate adaptation strategies in the area of Krummhörn in northwestern Germany (Fig. 1) .
The increasing scarcity of resources and expected impact of accelerated climate change constitute major problems for land use management in the case study region (see also Ahlhorn, 2009; Bormann et al., 2012) . Change in land use also affects the population and thus has a social impact, while the ability of the ecosystem to provide services might also be affected (MA, 2003; Schirmer, 2011; Vanclay, 2012) . This paper considers a variety of ecosystem services and social impacts, combined with science and stakeholder-driven actions that concentrate on sustainable development and human well-being.
Assessment methodology
The following section will explain how the concept of ecosystem services can be anchored in local decision-making and planning processes to meet the changing conditions and need for action, as well as to promote sustainable development. Fig. 1 . Topography of the pilot region of Krummhörn, northwestern Germany. Most parts of the community (159 km 2 , 12,600 inhabitants) are located within low-lying marsh. Due to the tidal influence of the North Sea, it is almost impossible to maintain unprotected settlements within the low-lying areas. Today, about one-third of the total area is below sea level. White = >1 m asl, light grey = 0-1 m asl, grey = 0-1 m asl, dark grey = <−1 m asl. Source: © LGLN, 2012.
Fig. 2.
Stepwise approach to participatory adaptive land use planning management as developed and tested in this study. The process schema shows the three main stages in the approach (setting, profiling and integration of ecosystem services and social impacts), including six action-oriented steps. The grey colour indicates the intensity of stakeholder participation (light grey = low, dark grey = high).
An overview of the methodology applied in this paper is provided in Fig. 2 , which focuses on the so-called process schema.
The process schema presented in Fig. 2 shows the three main stages of the approach developed. Within the process shown, the course of action moves from science-driven actions, meaning the use of theoretical background data and literature, towards stakeholder-driven actions. Stakeholder involvement and engagement is an important part of the methodology because it implies the use of local, traditional and expert knowledge while simultaneously including the stakeholder-based identification of ecosystem services, key issues, possible impacts, synergies and trade-offs in decision-making on future land use management. Sustainable regional development is essentially determined by interaction between the relevant stakeholders (e.g. agriculture, nature conservation, tourism, water management and policy). A key analytical aspect, therefore, in understanding the linkages between ecosystem services and the social impact implies an understanding of the position of each of the stakeholders. The analysis, therefore, sets out to investigate the knowledge, experiences and needs of each stakeholder in relation to achieving better development outcomes for the region affected (see also Salter et al., 2010) . The ecosystem services approach is used as a strategy to integrate local ecosystem services -ecosystem-based material and non-material resources as the source of supply from which benefits are produced -into decisionmaking (MA 2003) . Similarly a social impact assessment promotes the inclusion of the social impacts of an intervention on the community in any decision-making process (Vanclay, 2003a; Vanclay and Esteves, 2011) . The basic idea of the methodology, therefore, is that the ecosystem services describe the supply side, while the social impact concerns the stakeholders' requirements and reflects the demands of the stakeholders with regard to changing environmental conditions. The consideration of both parameters should thus promote the sustainable development of the region affected.
Setting
The first step was to define the setting and scope of the spatial planning activity (the intervention). This step involved a review of policy documents and related background material from the region. In a second step, the theoretical identification of the ecosystem services and social impacts categories reduced the complex terminology of the natural and climate sciences into understandable units, with these categories determining the indicators which would be used as guidelines for extracting information in the interviews. Numerous ways of categorizing ecosystem services can be found in the literature (Constanza et al., 1997; de Groot et al., 2002; UK National Ecosystem Assessment, 2011) . Following the MA (2003), this paper classified ecosystem services along functional lines and focused on four categories: provisioning, regulating, cultural and supporting services.
Human well-being not only depends on ecosystem services but also on the perceptions, interests and needs of the wider community. Therefore, social impact assessment is considered to be an appropriate concept to systematically examine and analyze statements about how people feel and might respond to changes in their region and how changes might affect their lives (see also Burdge, 1999 Burdge, , 2003 Vanclay, 2003a; Vanclay and Esteves, 2011) . Based on Vanclay (2002) , the social impacts were divided into six different categories: personal, developmental, economic, climate change, cultural and ecological impacts.
Another aspect of the setting is stakeholder engagement. In this methodology, efforts were thus made to include all of the relevant stakeholders and to actively involve their experiences and knowledge in relation to land management (e.g. Flannery and Cinnéide, 2011; Neef and Neubert, 2001) in the research process. The criteria for selecting the stakeholders related to their individual background and knowledge about regional land use and management, 
Profiling
Following the process schema (Fig. 2, profiling) , a stakeholder dialogue in the form of semi-structured interviews was used to identify important social and environmental issues in order to improve decision-making, data selection and the analysis. Therefore, semi-structured expert interviews were used as a suitable tool to discuss social and ecological concerns and contribute to the understanding of complex relationships (see also Bogner et al., 2009; Flick, 2006) . The advantages of semi-structured expert interviews include the flexibility of the interviewer to adapt to the stakeholder, a continuous communicative interaction process between expert and interviewer, the ability to correlate various statements, the critical questioning of competing alternatives and the building of mutual trust (Flick, 2006) .
To structure the interviews and address issues of crucial interest, a questionnaire was used. This questionnaire addressed central problem definitions, included open and hypothesis-directed questions and encouraged open dialogue (e.g. Bogner et al., 2009; Flick, 2006) . The semi-structured interviews were conducted with a sample of fourteen experts who represented crucial sectors of the case study region, namely, water management, agriculture, nature conservation, policy and tourism (Table 1 ). The questionnaire included questions about the personal background of the experts and solicited their opinions concerning sustainable land management and changes in current land use within the case study region.
The second step of the profiling process incorporated the selection, editing and analysis of data from both the literature and the interviews. The semi-structures interviews were recorded and transcribed, providing a qualitative data set for identifying crucial information on ecosystem services and social impacts. A structured qualitative content analysis was performed on the transcripts. The theoretically developed categories of ecosystem services and social impacts were used as guidelines for screening the material and interpreting and extracting the information. Information about the environmental and social contexts and the latest opinions on these were gathered. 
Integration of ecosystem services and social impacts
The interviews were used to identify the participants' perspectives on the ecosystem services within the case study region and the social impacts that the experts considered to be relevant and caused by interventions in the environment. In quantifying the results of the interviews, these services and impacts were used as indicators: (i) to promote the process of their integration and (ii) to analyze causalities and characteristics. Fig. 3 summarizes the relationships of ecosystem services and social impacts by compressing the stakeholder's suggestions into the previously developed categories. The result is an assessment of interests, preferences and needs in relation to natural resources, leading to the overall goal the development of a sustainable land use strategy ready for implementation.
Results
The results from the conducted process schema suggest an aggregation of ecosystem services, indicative social impacts and constitutive social impacts (Fig. 3 ) as keys to integrating ecosystem services into spatial planning. This section provides examples on how ecosystem services are interlinked with social impacts, and which factors may be crucial for the development of sustainable land use management strategies. The process of analysing the data gathered in the semi-structured expert interviews made clear that social impacts are interlinked with the ecosystem services approach, particularly when changes in land use are taking place.
Stakeholder participation in our study included the consultation (through interviews and dialogues) with experts representing important sectors of society (Table 1) . In this study, the ecosystem services and social impacts were spatially defined by the stakeholders and the area in which the changes and activities were occurring. Definitions of services and indicators were adjusted and amended according to the stakeholders' statements (see Tables 2 and 3 ). The research process demonstrated why it is Table 2 List of social impacts assessed in the coastal region of Krummhörn. Based on Vanclay (2002) , the impacts are divided into two categories of constitutive impacts (personal and development impacts) and four categories of indicative social impacts (economic, climate change, landscape and ecological impacts). The criteria are defined according to Vanclay (2002) and by the stakeholders. The right side of the table illustrates the sectoral distribution of the stakeholders' statements. The colours of the boxes indicate the percentage of expression of opinions concerning the criteria. W = water management, N = nature conservation, A = agriculture, P = policy, T = tourism. Grey = >66%, light grey = 33-66%, white = <33%.
Category
Social impact Criteria provided by the local stakeholders and according to Vanclay (2002) W N A P T (Indicator)
Constitutive Personal Impacts
Attachment to place Sense of place, regional belonging, how people feel about their surroundings, community cohesion.
Obligation to ancestors and traditions
Nostalgic feelings, change in culture, local language, beliefs.
Participation in decisionmaking
Participation and integration in decision-making processes, transparency. important to work with open categories and an inductive analysis as it encouraged the stakeholders to provide more background data and thus be more actively engaged in determining the research objectives. Tables 2 and 3 provide an overview of the classification of social impacts and ecosystem services. Each category of social impacts and ecosystem services includes a set of indicators. In addition to the associated social impacts' and ecosystem services' criteria, both tables provide a sectoral distribution of the stakeholders' statements. The dark colour indicates a high percentage of expression of opinions concerning one criterion, whereas the white boxes indicate that there is no statement concerning the criteria.
Integration of constitutive impacts in spatial planning
The results suggest that consideration of constitutive social impacts (Table 2) is the basic requirement for a management process that takes stakeholders' relationships, concerns and prospects into account. These impacts refer to (i) constitutive personal impacts, addressing people's community identification Table 3 List of ecosystem services provided by the coastal ecosystem. The services (serving as indicators) are divided into: (i) provisioning, (ii) regulating, (iii) cultural and (iv) supporting services (MA, 2003) . The criteria are defined according to MA (2003) and by the stakeholders. The right side of the table illustrates the sectoral distribution of the stakeholders' statements. The colours of the boxes indicate the percentage of expression of opinions concerning the criteria. W = water management, N = nature conservation, A = agriculture, P = policy, T = tourism. Grey = >66%, light grey = 33-66%, white = <33%. Provisioning Services
Category
Food production Plant and animal material which is used as food or for the production of food.
Forage production Dairy farming and forage production.
Green energy production
Organic material serves as source of energy and is used for energy generation.
Fresh water Within dry periods the retained fresh water might be used for irrigation measures and drinking water supply.
Regulating Services Prevention of saltwater intrusion
Due to a freshwater polder the decrease of groundwater level might be reduced and the hydrostatical pressure increased.
Wave attenuation Natural vegetation structures like salt marshes lead to wave attenuation and promote coastal protection.
Hazard regulation by water retention
Retention areas for inland floods (extreme precipitation) and saltwater (dike overtopping).
Erosion control
Avoidance of soil erosion due to water, wind or incorrect management which leads to soil degradation or soil damage.
Reduction of greenhouse gases
Greenhouse gas reduction at global and local level.
Cultural Services
Community identification and connection
Regional belonging, the willingness to live there, traditional relations and land use in terms of ecosystems ('natural' landscape features).
Recreation, tourism Attractive landscape and biotopes features strongly linked with the ecosystems and landscape.
Supporting Services Biodiversity Diversity of species, genes and ecosystems. Habitats for species.
Quality of soil
Soils are habitats and livelihoods for plants, animals and human. They act as a groundwater filter, store nutrients and accumulate organic matters.
and connections as well as (ii) constitutive development impacts, addressing the expected effects of changes in land use and the perceptions and aspirations concerning new developments in general ( Fig. 3 and Table 2 ). From the stakeholder point of view, these impacts are of fundamental concern to any course of action and determine access to the regional actors. To meet the constitutive social impacts within planning sessions, it is necessary, from the researchers' side, to communicate goals transparently and in understandable terms. Regarding the constitutive personal impacts, attachment to place is of high stakeholder relevance in the case of a regional intervention (see also Vanclay, 2012) . Most of the stakeholders in our case study were born and raised in the community and therefore had a strong sense of regional belonging and community cohesion. In addition, an obligation to their ancestors was also important. The people of East Friesland feel strongly connected to their traditions and history, something especially true in relation to flood protection measures. They are concerned that the land their ancestors reclaimed from the sea might be taken back again. Furthermore, the stakeholders feared that current flood protection structures would be endangered by new developments. Therefore, active participation in transparent decision-making was highly important to every stakeholder and seen as obligatory for further planning processes. For most of the stakeholders it was important that the planning of new land use management strategies had positive outcomes for all participants. Trust is one element of social well-being that has strong social effects. On the one hand, some stakeholders did not trust politicians because they feared the negative effects of policy-making. On the other hand, all of them thought highly of the regional water control boards.
Overall, the results of the interviews concerning constitutive development impacts suggest the need for adaptation measures concerning climate change (Table 2) . Nevertheless, the stakeholders' opinions concerning climate change and possible adaptation measures differed. Almost all of the stakeholders were uncertain about the possible effects of climate change with regard to agricultural areas. Some considered that agricultural processes might suffer, while others thought that new developments might result and new species might immigrate. The stakeholders thus suggest that climate change both threatens and provides new opportunities for future land use management. The positioning of new land use measures and strategies was considered to play a significant role in alleviating any disruption to daily life caused by new developments. At present, there is already competition for land and the stakeholders expected that this would increase in the future. With respect to changing land use in the future, some stakeholders were concerned about resettlement and expropriation due to new developments. In addition, every stakeholder expressed a fear of losing land and opportunities. Compliance with property rights and values proved to be a factor which influences spatial decision-making and spatial development processes.
Integration of social impacts and ecosystem services
The combination of direct, indicative social impacts with ecosystem services is rather complex (Fig. 3 and Tables 2 and 3) . Their relationship provides a set of causalities, dependencies and feedback loops: on the one hand, the indicative social impacts describe the feelings, expectations and needs of the community's demand for ecosystem services. Therefore, the provision of ecosystem services is directly influenced by the indicative social impacts. On the other hand, ecosystem services describe the supply of natural resources, in other words, the supply of services influences societal demand in turn the indicative social impacts. Fig. 3 illustrates in detail that the indicative economic impacts described in Table 2 interact with provisioning ecosystem services ( Table 3 ). The economic impact is related to the social impact in terms of economic activities, material well-being and the prosperity of the community (Vanclay, 2002) , with provisioning services obtaining to the products people derive from ecosystems (MA, 2003) . In this respect, the results suggest that following societal demands are of high relevance and enhance the material well-being of the people. This includes security of income, economic prosperity and the resilience of the region, the maintenance of agricultural and grassland areas as well as food security and drinking water supply. These demands are fulfilled by provisioning ecosystem services: food, forage and green energy production and fresh water retention, for drinking water extraction or agricultural use. Within the stakeholder dialogue, the provisioning ecosystem services build up a basis for the regional economy, especially characterized by the provision of products. The indicative economic impacts support the importance of the provisioning services which are strong supply directed needs.
The indicative climate change impacts refer to the stakeholders' conception of combating the negative effects of climate change, such as storm surges or river run off, as well as the perception of safety ( Table 2 ). The interviews clarified that most of the stakeholders were not aware of regulating services provided by ecosystems for hazard regulation, such as water retention areas or wave attenuation (Table 3) . For example, only a few stakeholders believed that retention areas were useful to relieve flooding (Table 3 , white boxes), although the indicative climate change impacts were of high relevance (Table 2 , grey boxes). The water management sector, in particular, emphasized that as long as the coastal protection continues as it is today, safety will be ensured. Additionally, stakeholders from all sectors, apart from nature conservation, argued in favour of the technical strengthening of the dikes with concrete, asphalt or sheet pile walls. By explaining regulating ecosystem services and their potential as alternative possibilities to current, mostly technical solutions, the stakeholder dialogue ascertained that stakeholders are now in a process of increasing awareness concerning the advantages and relevance of regulating services.
The results suggest that indicative landscape impacts (Table 2 ) are linked with cultural ecosystem services (Table 3) . Cultural ecosystem services concern the non-material benefits that people obtain from ecosystems and are related to people's behaviour with regard to creating opportunities for recreation and cultural development (MA, 2003) . Indicative landscape impacts are determined by the stakeholders' interests in and perceptions of the aesthetic quality of the landscape, its liveability and how people feel about their surroundings (Vanclay, 2002) . Cultural services, such as community identification and connection as well as recreation and tourism based on the ecosystems, promote human well-being. In the stakeholders' opinion, the aesthetic and recreational value of the landscape was precious. The residents identified with the landscape, and it was thought that visible changes to it might lead to an 'alienation of the culture'. The stakeholders from the agricultural, political and tourism sectors emphasized that East Friesland is a human-made landscape and not 'natural'. In their opinion, the important elements of the landscape are the diversity of land uses, its pastoral, traditional and idyllic character, as well as the cultural-historical value of the terp villages (historical settlements built on artificial mounds up to 5 m above sea level in the case study region, which before dikes were built, served as flood protection measures), representing the typically East Frisian landscape. Both the presence of tourists and recreation opportunities are promoted by the landscape and the unique ecosystem. The community of Krummhörn depends on the presence of tourists (social impact) as an important sector of the economy, maintaining employment as well as income levels. In addition to these positive effects, some stakeholders mentioned that tourism also disrupted daily life and negatively influenced the landscape and environment. However, all stakeholders expected an increase in tourism in the coming years. The tourism sector works with ecosystem services associated with typical regional images such as grazing cows, the water and coastal areas and the structured and idyllic character of the community of Krummhörn. Due to changing land uses some stakeholders feared that the attractiveness of the landscape might decrease. It was considered very important to maintain the typical character of the region.
Supporting ecosystem services (Table 3) are underlying functions, such as biodiversity and soil quality, which are necessary for the production of all other ecosystem services (MA, 2003) . The results suggest that these functions are associated with indicative ecological impacts (Table 2 ), relating to the stakeholders' feelings and aspirations about environmental issues, such as natural beauty, organic management and the sustainable use of natural resources. In addition, the impact of 'beauty of nature' is correlated with the service 'biodiversity'. In the stakeholders' opinion, the variety of species is crucial to natural beauty and its maintenance is highly relevant to the preservation of biodiversity. However, their aspirations and perceptions concerning nature protection differed slightly. The nature protection sector favoured an increasing, extensive use of grassland. Nature protection and conservation was also highly significant to the agricultural sector, which emphasized the connection between nature protection and agricultural use, such as production-integrated compensation measures or increasing organic and regional management.
Based on these results, the development of new sustainable land use management strategies can be promoted. The results make it clear that the stakeholders favoured multifunctional land use, combining different elements, to create mosaic structures and balancing the supply and demand of ecosystem services. The future development of the landscape in the region and the ongoing crosssectoral participation in decision-making were of special interest to the stakeholders. However, an essential aspect in spatial planning activities is an understanding of the stakeholders' perceptions, interests and needs, not least because stakeholders are responsible for the implementation of new planning strategies.
Discussion
Overall, the case study has shown that current and future land use management will likely face an increasing demand for resources provided by local ecosystems, while the possibilities of supply will be limited and decrease, partially due to changes in the landscape. Social demands and ecological supplies are not independent variables, but interact, and it is necessary to raise stakeholders' awareness of these linkages. The guideline presented in this paper delivers such an approach, required for adaptive spatial planning (Chan et al., 2012; de Groot et al., 2010; Esteves et al., 2012; Nahlik et al., 2012) .
The proposed process schema for coastal land management was tested on the Krummhörn case, considering ecosystem services and social issues in a balanced and holistic manner. Involving stakeholders in data collection is useful (Fig. 2, grey background) , as they are affected by interventions and, therefore, are able to identify problems and develop ideas and solutions, which in turn enhance the practicability and long-term viability of an intervention (see also Bryson, 2004; Eden and Ackermann, 1998; Freeman, 1984; Gregory and Keeny, 1994; Vanclay, 2012) . In other words, they are considered to be experts who act as sectoral representatives of a specific field of action and, generally, have privileged access to information and take on specific responsibilities (see also Flick, 2006) . Their involvement conforms with generic insights into and literature on stakeholders and stakeholder participation typical to sustainable regional development. Furthermore, stakeholder participation in planning activities is defined as a process in which stakeholders play an active role in determining the research objectives and their effectiveness throughout the entire research process (Bell et al., 2012; Reed, 2008; Schirmer, 2011) . Chan et al. (2012) , Díaz et al. (2011) and Nahlik et al. (2012) highlight the need for stakeholder integration and the development of interdisciplinary methodological approaches in order to understand mutual connections between natural and social subsystems. The guideline presented in this paper was applied in a regional governance process and revealed that stakeholder engagement, participation, involvement and dialogue is needed at every process phase (Fig. 2) to gain a holistic overview of possible development schemes (see also Baines et al., 2003) . This finding reflects the general academic understanding of integrated water and coastal zone management, which argues for the incorporation of different layers of governance, participation, knowledge generation and stakeholder support to implement policies (Pickaver et al., 2010) . As noted, this paper highlighted stakeholder participation through semi-structured interviews, making this the first phase of an ongoing participation process, as the research has also shown that the development of planning strategies is continuous and timeconsuming.
The results also reveal that stakeholder-driven actions offer a series of practical contributions to planning processes. They (i) help to identify development goals such as sustainable development and (ii) verify the positive outcomes and reduce the negative impacts of an intervention on people and the landscape. Furthermore, ongoing interactions with multiple stakeholders improve the identification of local ecosystem services and key social issues.
In order to develop a substantive communication process and support the development of sustainable land use management strategies it is important to make scientific language more understandable. For example, Pidgeon and Fischhoff (2011) highlight the crucial role of scientists in making the complex climate-related research understandable to policymakers and the public. The investigation illustrated that in land use management practice it is impossible, or at least very difficult, for some stakeholders or planning experts to work directly with ecosystem services. This is not because they have no interest in this approach and the related general considerations, but because of present they are not specifically trained in or familiar with the ecosystem services approach as a foundation for planning processes. The results demonstrate that the use of social categories and impacts leads to a better understanding (see also Vanclay and Esteves, 2011) . The stakeholders tend to rely heavily on social units as their guiding framework. It is common for stakeholders to think in terms of social units because they identify with specific social impacts that are of relevance to them in relation to any action. The application of a social impact analysis within the sphere of planning presented here creates possibilities to integrate the ecosystem services approach into sustainable planning processes. In our case study, the stakeholder-driven process, in particular, contributed to an overall picture of the community affected and provided a broad background for categorizing important ecosystem services and social impacts (see also Esteves et al., 2012) . The stakeholder dialogue raised awareness with regard to the need for adaptive strategies that would lead to sustainable development and human well-being in the community, as well as an understanding of what type of impact human interventions may have on natural systems. This paper has substantiated this role for integrated coastal land use management through linking social impact analysis with the ecosystem services approach (Fig. 3) . The guideline presented deals with various conceptions and perceptions, thereby attempting to express them as much as possible in a language speaking to the realities of the experts, and aiming for mutual understanding between researchers and stakeholders. Within the sphere of spatial planning, the investigation suggests that it should be obligatory to take constitutive impacts into account in the strategic development of planning activities. Consideration of the constitutive impacts is essential to all stakeholders, as they exert an influence on more than one category of ecosystem services and are relevant throughout the planning process, while indicative social impacts influence and depend on just one category of ecosystem services (Fig. 3) .
The results suggest that science-driven actions are based on the strengths of the ecosystem services approach and social impact assessment (Fig. 2) . Both concepts aim for ecologically, socioculturally and economically sustainable development that enhances human well-being (MA, 2003; Vanclay, 2003a) . Within the guideline, the ecosystem services approach is used as a strategy to integrate the management and assessment of natural resources into complex human-environment systems (MA, 2003) . Additionally, social impact assessment assists in the identification, analysis and evaluation of the social impacts of an intervention on a community and regional ecological structures. It provides a qualitative evaluation of the social impacts as a tool for decision-makers which can be used in planning processes, and which triggers adaptation measures (see also Burdge, 1999 Burdge, , 2003 Esteves et al., 2012; Vanclay, 2002; Vanclay, 2012) .
In order to reduce complexity and organize the flow of information, one step in developing the guideline was the creation of categories of ecosystem services and social impacts ( Fig. 3 and Tables 2 and 3 ). During the investigation it became obvious that including local, traditional and practitioner knowledge from stakeholders in strategy development generally improves the theoretical understanding of development in coastal areas. It may also assist the evaluation of the potential benefits and risks (see also Vanclay, 2003a) . The results suggest the effectiveness of management processes is improved by using practitioner knowledge. Additionally, the use of local knowledge has been revealed as essential for the evaluation and identification of trade-offs and synergies concerning possible planning impacts. The distribution of stakeholder statements shown in Tables 2 and 3 demonstrates that different sectors have different requirements concerning the indicators and associated criteria. The crucial elements resulting from stakeholder involvement in planning activities include the better consideration, effectiveness and acceptance of an intervention within the community. This leads to participatory, informal and transparent decision-making processes, awareness-raising, trust-building and knowledge-sharing (Baines et al., 2003; Esteves et al., 2012; MA, 2003) . These positive elements can be achieved through interactions between the theoretical and practical aspects presented in the guideline (Fig. 2) .
The research reveals that stakeholders need to feel that their opinions will contribute to potential development processes and that they are actively involved. Another tool that might make possible changes more concrete is the creation of scenarios (Chan et al., 2012) . Scenario planning supports decision-making with regard to uncertainty and integrates new strategies in order to justify possible consequences (Mietzner and Reger, 2005; Bishop et al., 2007) .
The guideline presented here is based on the needs of informal planning practices, integrating the particular interests of the stakeholders. The analysis mainly considered the dependencies between ecosystem services and social impacts, and illustrated that the social impacts were more connected to such services than was generally thought. It is interesting to note that an even richer variety of interactions between social impacts and ecosystem services may actually occur. During the research process it became obvious, for example, that there may be both direct and indirect social impacts. In order to evaluate these kinds of linkages, social impacts must be dealt with in a more flexible manner, thereby discerning their relationships with various categories of services and uncovering their more indirect effects. For example, the fear of increasing drought or increasing inland water levels is associated with regulating services (direct), but could also affect food, forage or green energy production and therefore be related to provisioning services (indirect). Another example is the presence of tourists. With respect to cultural services, tourism may disrupt daily life and landscapes (direct). However, it is also necessary for the economic prosperity of the region and may be dependent on the implementation of new land use strategies and influenced by provisioning services (indirect). The extension of the guideline through the inclusion of direct and indirect impacts might be of interest in any further economic evaluation of possible planning measures.
The development of improved land use strategies for the various changing land use patterns is vital to minimize climate change impacts and increase adaptive capacity in a given region. Approaches coping with these challenges and several processes have provided first results recently. Projects aiming at adaptive spatial planning projects like Climate Proof Areas (2009) or ComCoast (Ahlhorn, 2009; Bormann et al., 2012) are dealing with consequences of climate change and suggest innovative adaptation strategies for the North Sea coastal regions. The dynamic and interdisciplinary process reflected in the guideline promotes sustainable land management strategies and is iterative. The reduction of uncertainty and the identification of how different stakeholders are affected by the interventions are also of central interest (see also Schirmer, 2011) . Future research should address the benefits and weigh the surplus value of reduced or increased ecosystem services against the anticipated benefits or adverse effects of proposed developments. Monitoring and evaluation processes, as well as ex post studies, should also be included in the management process.
Conclusion
Adaptive strategies are the basis for sustainable land use management. Spatial planning processes aimed at the development of such sustainable strategies influence the structures of communities and ecosystems. For these reasons, the development of new land use management strategies requires a well-balanced framework which takes both social and ecological issues into account. This paper developed a guideline which integrates both the social impacts of interventions and the ecosystem services affected by interventions into a participatory process. This planning and assessment guideline assists in understanding the interests and needs of the wider community and integrating stakeholders into the planning process. As we have seen, stakeholders' views and needs are crucial in developing a local planning framework through multi-step informal processes.
The advantages of an aggregation of the ecosystem services approach with social impact assessment are suggested to be related to the following points: -The research process has made it obvious that the scientific background of the ecosystem services approach is often not easy to communicate. In addition, the stakeholder communication process is strongly connected to stakeholder perceptions and experiences. Stakeholders typically express their perceptions and needs in social terms. An understanding of the social impacts is necessary to help integrate the concept of ecosystem services into planning processes, allowing the translation of the various stakeholder perspectives into scientific discussions on ecosystem services. -The guideline optimizes decision-making processes by applying qualitative research. As shown, this kind of research incorporates social demands into ecosystem-based research and thereby allows a better understanding of human well-being. In addition, it reduces the complexity of scientific language and helps to engage stakeholders.
The results reveal how both the ecosystem services approach and social impact assessment support stakeholder-driven adaptive land use planning and management. This finding is illustrated in Fig. 3 and with the help of Tables 2 and 3. An aggregation of both approaches tends to promote the integration of the ecosystem services approach into planning processes and delivers substantial contributions to the development of sustainable spatial planning projects. The results suggest that the social impacts can be used as a 'map' to assist the guidance of ecosystem services. These social impacts may be characterized by the demands of society, as expressed by the stakeholders involved. Additionally, interdependencies with respect to society (social impacts) may be examined in relation to their influence and the understanding of ecosystem services and future development schemes. Therefore, the integrated process discussed here is a step forward, away from conceptual frameworks, theories and more formal ways of practical integration (Daily and Matson, 2008) towards an informal and practical approach, thereby making planning and decision-making more effective (de Groot et al., 2010) .
The case study revealed that an evaluation of causalities and characteristics that take stakeholders' opinions into account leads to an assessment of their interests, preferences and needs in relation to natural resources. This guideline is likely to provide an adequate basis for the development of action-oriented suggestions concerning spatial planning strategies. The concept of sustainable development was shown to be applicable when environmental and socioeconomic impacts are considered in an integrated way. Reflecting on the guideline, it is apparent that on the one hand research and knowledge about environmental and functional changes alone, for example climate change, cannot steer such processes. However, on the other hand, the consideration of social change processes without consideration of the impacts on or due to changes in ecosystems is also not adequate. Therefore, a transdisciplinary approach is necessary, addressing and incorporating the interdependency of nature and society and leading to a holistic understanding of change processes. Within the guideline, the borders of research have been exceeded and actionoriented suggestions for sustainable land use developed, enhancing the interactions between science and society through stakeholder engagement and decision support.
The guideline presented delivers a cross-sectoral, participatory approach promoting sustainable coastal land use planning that focuses on the supply and demand of resources. A crucial aspect is to initiate informal planning sessions aimed at the fulfilment of multiple demands by taking local and regional actors' knowledge and opinions into account. It is suggested that the participatory approach allows for the merging of the scientific concepts of the ecosystem services approach and social impact assessment. The interaction with stakeholders in the research process demonstrated that transparent and participative planning sessions are necessary to achieve sustainable land use management and to take into account the different ambitions and needs of the various sectors. During the research process, the stakeholders saw the additional value of the guideline, which assisted them to understand sustainable land management and influenced further actions. Additionally, the participative process also indicated that the willingness of stakeholders to adopt innovations in decision-making processes increases in accordance with their level of participation in the development process.
The proposed guideline deepens our understanding of the mutual dependencies and interactions between ecosystem services and their social impacts and promotes interdisciplinary, integrative research as well as the transfer of courses of action for decision-makers. The guideline offers a new basis on which to successfully make decisions and also promotes a collaborative and transparent planning process. By facilitating the incorporation of ecosystem services into the decision-making process, ecosystem services become projectable, while the impact assessment strengthens the ecosystem services approach by incorporating the demands of society. Clearly, the different interests of the stakeholders must to be brought together and when stakeholders with individual expertise work together they will be able to further enhance future projects. Thus, in cooperation with local stakeholders, it is possible to develop new sustainable land management strategies that take a holistic view.
The guideline uses social impact analysis as a bridging concept to make the ecosystem services approach more accessible, translating social impacts into ecosystem services. The guideline also helps explain possible land use changes arising from the sphere of planning in terms of social impacts. This operationalization of the ecosystem services approach and social impact analysis shows that social demands and the provision of ecosystem services are inherently connected.
